Background: Studies on trends in the self-rated health (SRH) of older people have shown conflicting results, which might partly be explained by changing associations between SRH and indicators of other health dimensions over time. Therefore, this study investigates 17-year time trends in older adults' poor SRH, in the context of trends in chronic diseases and disability, between 1992 and 2009.
Introduction
Life expectancy in The Netherlands is increasing 1 . Still, it remains uncertain whether these added years are accompanied by ill health or by relatively good health and independency [2] [3] [4] [5] . Therefore, it seems important to consider health trends in the older population. Self-rated health (SRH), a global measure of how individuals perceive their own health, is often used to study these trends. Previous studies showed that SRH is a robust predictor of future morbidity and mortality [6] [7] [8] [9] [10] . However, studies on trends in SRH have shown conflicting results [11] [12] [13] [14] [15] . Partly, crossnational differences in health trends or variations in methodology or time periods between studies may account for different findings. But also within countries, SRH does not always reflect concurrent trends in other indicators of health, such as chronic diseases and disability 16 . For example, in the United States no declining trend in SRH between 1993 and 2001 was found 14, 17 , although the number of chronic diseases did increase during that period 14 . Similarly in Sweden and Korea, SRH did not always follow concurrent trends in diseases or disability 12, 18 . Thus, it might be that associations between SRH and these indicators of other health dimensions are changing over time.
Several explanations have been proposed for changing associations between self-rated health, chronic diseases and disability. On the one hand, disability and poor SRH may have decreased in people with chronic diseases over time, due to improved detection and treatment of diseases 19, 20 . On the other hand, as a result of improved treatment, increases in life expectancy are higher in people living with chronic diseases 21 , which may have led to an increase in overall disability prevalence. Finally, it has been hypothesised 22, 23 that the reported prevalence and impact of disability on SRH may change over time, for example as a result of disability being experienced as more detrimental in societies where autonomy has become more the norm. To our knowledge, associations between trends in SRH and trends in chronic diseases and disability have never been investigated. In order to draw conclusions regarding the health and future need for care resources of the older population, recent and contemporary trends in SRH deserve close monitoring. This study aims to report on these time trends in a representative Dutch sample of older people, between 1992 and 2009. However, because there may be complex undercurrents of other health indicators such as chronic diseases and disability and their relations with SRH, trends in SRH will be investigated in the context of time trends in chronic diseases and mild and severe disability.
Methods

Sample
Analyses were conducted using data from the Longitudinal Aging Study Amsterdam (LASA). Details on the sampling and data collection procedures of LASA have been described elsewhere 24 . In short, a random sample of older adults (ages 55-85) was drawn from the population registries of 11 municipalities in three geographical regions in The Netherlands in 1992. A total number of 3,107 men and women, community dwelling as well as institutionalised, were enrolled at the baseline examination in 1992-1993 (cooperation rate 62%). Examinations are repeated approximately every 3 years and consist of a face-to-face general interview and a medical interview in the respondent's home and a self-administered questionnaire. In addition, telephone interviews with either the respondent or a proxy were conducted when respondents refused or were not able to complete a face-to-face interview. In 2002-2003, 1,002 new respondents (ages 55-64, cooperation rate 62%) were added to the original sample. The Medical Ethics Committee of the VU University Medical Center approved the study; informed consent was obtained from all respondents.
For the present study, data from all six measurement waves conducted so far were used (T1: 1992-1993; T2: 1995-1996; T3: 1998-1999; T4: 2001-2003; T5: 2005-2006; T6: 2008-2009 ). The number of respondents varied between the measurement waves due to mortality, drop-out and the inclusion of the new cohort in 2002-2003, but all respondents were included at each wave as far as their age was between 60 and 85, because this was the age range available in all waves. The proportion that was institutionalised decreased from 4.7% in 1992 to 1.5% in 2009. Respondents who provided information on chronic diseases, disability or SRH at one or more waves were included. We decided to exclude all proxy interviews because our focus is on how older individuals rate their own health.
Measures
Gender and age in years were retrieved from the municipality registries. Level of education was asked during the baseline interview and expressed in number of years of education.
Self-rated health was measured with the question: How is your health in general? 'very good', 'good', 'fair', 'sometimes good, sometimes poor', or 'poor'? 25 In this study, responses were dichotomised into either good SRH ('very good' or 'good') or poor SRH ('fair', 'sometimes good, sometimes poor; or 'poor'). This dichotomization has been applied previously in studies on health trends, 12, 14 and proved the most sensitive for underlying health problems in this sample 26 . The most frequently occurring somatic chronic diseases in the Netherlands at the onset of the study (each about 5% or higher in the population aged 55+) were assessed by self-report: chronic non-specific lung disease, cardiac disease, peripheral arterial disease, stroke, diabetes mellitus, arthritis and cancer. Additionally, respondents were asked whether they had any other (with a maximum of two) chronic conditions for which symptoms and/or treatment had been present for at least three months 27 . Self-reported disability was assessed with six questions on performing the following activities ('Can you'): walk outside for 5 minutes, (un)dress yourself, walk 15 stairs without stopping, sit and rise from a chair, cut your own toenails and use own or public transportation. Response options were (0) 'yes, without difficulty', (1) 'yes, with difficulty', (2) 'only with help' or (3) 'no, I cannot'. Respondents who reported difficulty with one or more activities (i.e. response option 1), but who were able to perform all activities independently (i.e. never responded with option 2 or 3), were categorised as mildly disabled; individuals who reported that at least one activity could not be performed independently (i.e. response option 2 or 3) were categorised as severely disabled.
Statistical Analysis
Descriptive statistics were age-and gender-weighted, so that changes in the prevalence of health problems reflect time trends, and not general ageing of the population. Probability weights were computed by dividing 5-year age and gender strata proportions in T1-T3 and T5-T6 by proportions of the same strata in T4. This was done because the sample composition in T4, with respect to age and gender strata, closely resembled that of the general Dutch older population in 2002. In T1-T3 older age groups were overrepresented because of initial oversampling of older age groups at baseline to account for attrition. As opposed to separately weighting all measurements to the Dutch population, this weighting strategy ensures mutual comparability between measurement waves.
For further analysis of time trends, Generalized Estimating Equations (GEE) analysis was used 28 .This regression method corrects for within-subject correlations by including a prespecified correlation structure in the analysis. This correlation structure should fit the correlation within each outcome measure at year 0, 3, 6, 9, 13 and 16. For all outcome measures, a 5-dependent structure showed the best fit. This correlation structure assumes that correlations t measurements apart are equal, correlations t+1 measurements apart are equal, and so on for t =1 to t =5. For the chronic diseases count variable, the identity link function was applied; for the dichotomous variables indicating poor SRH, mild or severe disability, the logit link function was selected.
First, the predictive value of time in years was examined in different models for the outcome measures poor SRH, chronic diseases and mild and severe disability. To that end, an independent time variable was made to represent the increase in study years (0, 3, 6, 9, 13, and 16 years). Two dichotomous variables were used to assess the prevalence of the disability levels: mild vs. no mild disability and severe vs. no severe disability. If time had predictive value we concluded that a significant change in the health indicator occurred over time. Second, product terms of time in years with the independent variables were tested for statistically significant contributions to the prediction of the dependent variables. In case a product term was significant we concluded that there was a significant trend in the association. For this analysis, the two disability levels were contrasted with the 'no disability' category. Finally, to investigate trends in the impact of diseases and disability on poor SRH in terms of public health, we combined prevalence and impact measures by calculating the population attributable risks (PAR's) (Appendix).
In the GEE analyses no weights were applied, since these were adjusted for gender, age in years, and level of education in years. Trends were analysed separately for men vs. women, 60-74 vs. 75-85 year-olds and for people with none or elementary education ('low education') vs. people with intermediate or higher education ('higher education'). Analyses were conducted using SPSS for Windows 15.0 (SPSS, INC., Chicago, USA). The level of statistical significance was p < .05 for main effects, and p < .10 for interaction effects, since the power of statistical tests for higher order terms is generally lower than for first-order terms 29, 30 .
Results
A total of 11,735 self-reports were included in the analyses, provided by 4,009 respondents. Self-reports that were not included in (parts of) the analyses, because answers were given by a proxy (n=280) or because of missing data (n=416), came from respondents who were older and were more often female (P<0.01). In addition, these respondents had worse health status with respect to chronic diseases and severe disability (P<0.01).
There was a stable trend observed in the response categories for SRH (Table 1) . However, the mean number of chronic diseases increased between T1 and T6 (1.3 to 1.8). The prevalence of at least mild disability increased (20.5% to 32.1%), whereas the prevalence of severe disability decreased (23.5% to 19.7%). In both age groups and in men and women, the prevalence of poor SRH did not show an increasing trend, while both the mean number of diseases and the prevalence of mild disability increased (Figure 1) .
The results of the regression analyses shown in Table 2 confirmed that there was no independent effect of time in years on poor SRH in the total sample (OR=1.006; 95% CI 0.999-1.014), after adjusting for age, gender and education. The average increase in number of diseases was 0.036 per year, reflecting an average increase of 0.6 diseases between 1992 and 2009. The percentage of older adults who were mildly disabled increased (OR=1.040; 95% CI 1.032-1.049), but the prevalence of severe disability remained stable (OR=0.997; 95% CI 0.989-1.006). Older and lower educated people showed larger increases in number of chronic diseases compared to younger and higher educated people, and showed an increase in poor SRH as well. In addition, men showed larger increases in chronic diseases than women and older olds showed larger increases in mild disability than younger olds. Means and percentages are weighted to the age-and gender distribution in T4.
b Around 55% of the disabled were classified as such based on difficulty or inability in only one activity. The other 45% reported difficulty or inability in two or more activities.
Finally, changes in associations over time, between chronic diseases, disability and SRH were analysed (Table 3 ). In the total population, chronic diseases have a slightly weaker impact on poor SRH over time, indicated by a significant interaction effect between chronic diseases and time in the model with poor SRH as the outcome variable (OR=0.993; 95% CI 0.987-0.999). Stratified analyses showed that this is the case in the younger old and in the lower educated, although in all subgroups the effect was in the same direction (OR<1). In contrast, severe disability was more strongly associated with poor SRH over time (OR=1.044; 95% CI 1.025-1.062). Severe disability had an increased impact on poor SRH over time in all subgroups; for mild disability this was observed only in the older old. Chronic diseases were less strongly associated with disability only in the older old (mild disability) and in the lower educated (severe disability) ( Table 3 , columns 2 and 3). a adjusted for gender and age in years b adjusted for gender, age in years and education in years c adjusted for age in years and education in years * P < .05; ** P < .01; *** P < .001 ‡ Significant interaction effect of gender, age or education (p<.10) Reference group is the no disability category. b adjusted for age in years, gender and education in years c adjusted for age in years and education in years † p<.10 * P < .05; ** P < .01; *** P < .001 ‡ Significant interaction effect of age (p<.10)
Discussion
The aim of this study was to report on time trends in older adults' poor self-rated health (SRH), in the context of time trends in chronic diseases and disability, between 1992 and 2009. While both the health indicators chronic diseases and mild disability showed increased prevalences, there has been no shift in the prevalence of poor SRH in the total sample. Associations between health indicators showed significant changes over time: poor SRH is decreasingly determined by chronic diseases, and increasingly determined by severe disability.
We found that the prevalence of poor SRH remained unchanged. A similar stable trend was found when all categories of SRH were analysed with linear regression. This stable trend is in line with a report on recent trends in SRH in the Dutch population aged 65 and over, that used the same definition of poor SRH 15 . Thus, the declining trend in SRH found between 1956 and 1992 11 , did not persist. Improving trends in good SRH were reported in Austria and the United States in the period from 1978 to 2000 13, 14 . We conducted further analysis for the period 1992-1999, but observed no improving trend in SRH in that period either. Since our measure of SRH is comparable with that of other studies, between-country differences in trends probably are due to differential trends in underlying health or in the reporting of health problems. In addition, some studies reported only on the non-institutionalised population 14 , which may have accounted partly for different results.
In contrast with the stable trend in poor SRH, the number of chronic conditions increased with 0.6 diseases per person on average, confirming results by other studies [31] [32] [33] . This may indicate an increased prevalence of diseases, but also increased reporting or a greater likelihood of being diagnosed. There may be a complex interplay of on the one hand earlier diagnosis, probably resulting in less disability associated with chronic diseases, and on the other hand increased survival, resulting in more disability associated with chronic diseases. This might explain our finding as well as part of the findings from a recent study that chronic diseases do not show a decreased disabling impact over time 23 . Another likely explanation is that improved disease control and increased use of assistive technology has led to increased mild disability but prevented increases in severe disability, despite the increased prevalence of chronic diseases 22, 34 . Different studies vary in their approaches to measure disability trends. We defined severe disability as dependency in one of the measured activities, which might be argued as a low threshold, for example for cutting one's own toenails. However, we expect that loss of independence, rather than the inability to perform the activities per se, may mean a considerable blow to people's experienced health. In addition, our disability scale showed high internal consistency: the item of cutting toenails behaved similarly as compared to the other items. The fact that the observed stable prevalence of severe disability and the increased prevalence of mild disability (from 20.5% to 32.1%) mostly corroborate previously conducted studies in The Netherlands further supports our definition of mild and severe disability [35] [36] [37] [38] . An increase in number of years lived with mild disability, but not in years lived with moderate or severe disability was found 35 . Two other studies showed either stable or decreasing trends in ADL and mobility limitations between 1987 and 2001 36, 37 . As these studies defined disability as major difficulty or inability to perform certain activities, their results are in line with the stable trend in severe disability in our results. Finally, a stable trend in severe disability is in line with a study combining five population-based surveys in the period 1990-2007 38 . Additional analyses with a sum score for disability showed an increase in overall disability, but no changing associations were found with either poor SRH or chronic diseases. These results emphasise that meaningful trends in disability and its association with SRH may be masked if different severity levels of disability are not taken into account.
Considering the increase in chronic diseases and mild disability, it is remarkable that no increasing trend in poor SRH was found. Chronic diseases showed a decreasing impact on poor SRH over time. This might be explained by improved prognosis for people with some chronic diseases, due to improved care 39, 40 . In addition, when rating their health, people often implicitly apply social comparison, either with someone they know, or with a stereotype of a frail older person 41, 42 . Therefore, a declining health trend on the population level may not be visible from measures such as SRH, which indicate perceived health relative to that of others. We also found that a larger part of the association between chronic diseases and poor SRH could be explained by disability, and that severe disability was more strongly associated with SRH. One might suggest that this stronger impact is due to the severely disabled having become more disabled over time. However, additional analysis, with a correction for the number of activities that people reported with difficulty or inability, showed no different results.
Most findings discussed so far bear on the total sample. However, some results were notably different across age and educational groups. As opposed to the younger old, people aged 75 and over did show a decline in SRH. Older men (75+) also showed larger increases in chronic diseases than women of the same age and younger people, which is in line with previous research 43 . With respect to educational groups, it was found earlier that SRH differs across social classes 44 and that these inequalities were persistent over time 45 . Our study confirms these findings in that an increased mean educational level of older people was accompanied by a widening of the health gap between higher and lower educated people: the group with a low educational level, which decreased from 44.8% in 1992 to 24.4% in 2009, showed worse trends as compared to the higher educated, indicating that they may have become more vulnerable. This effect was not explained by the lower educated group becoming even lower educated than before and thus may reflect true worse health.
Strengths and limitations
The design of the current study, with each health indicator being measured at all waves using the same operational definition, facilitated the investigation of health trends and trends in associations between health indicators in a representative sample of Dutch older adults. Whether the results may be generalised to other age groups needs to be studied further, since they pertain to the population aged 60-85 only.
We expect that excluding proxy interviews (3% of the sample) and attrition of a small proportion of the sample due to frailty 24 may have caused an underestimation of health problems. However, sensitivity analyses including all information from proxy reports (for predominantly severely (cognitively) disabled people) showed similar results with respect to trends in chronic diseases and disability. Additional analysis showed that our results may not be biased to a large extent by selective survival. Firstly, a comparison with 1-year mortality figures in the Dutch population during the study period showed variations in deviations of our sample as compared to the Dutch population, but the overall difference did not exceed 1%. Secondly, diseases, disability and self-rated health were associated with mortality, however, no upward or downward trend in these associations was observed.
Conclusion
This study shows that trends in different health dimensions between 1992 and 2009 have been diverging: stable health trends were observed when health was measured by poor SRH or severe disability, while clear worsening health trends were found when health was measured by chronic diseases or mild disability. The results also indicate that in the past decades a shift has taken place in which factors are deemed important for SRH: older people may focus more on poor functioning, but less on their diseases. At the same time, the increased prevalence of diseases without an increased prevalence of severe disability might indicate that interventions targeting at reducing disability among people with chronic diseases have been effective. Trends in health were most unfavourable for the most vulnerable groups: the older old and the lower educated. Further studies are needed to specify targets for primary and secondary prevention of poor health in these groups. Finally, with respect to SRH, trends in SRH should be studied in the context of other health indicators, because the seeming stability in poor SRH may hide the undercurrents of other health indicators.
Appendix: Population Attributable Risks
Methods: To investigate trends in the impact of diseases and disability on poor SRH in terms of public health, population attributable risks (PAR's) were calculated, using the following formula: PAR= p(RR-1)/p(RR-1)+1, where p is the proportion with either chronic diseases, at least mild disability or severe disability and RR the corresponding risk ratio. Risk ratios were calculated from odds ratios, using the following formula: RR=OR/(1-p0)+(p0*OR), where p0 is the proportion with poor SRH among the non-exposed. Odds ratios for chronic diseases were adjusted for age, gender and education. The odds ratios for disability were additionally adjusted for the number of chronic diseases.
Results:
The slightly increasing PAR over time shows that more cases with poor SRH can be attributed to chronic diseases in 2009, compared to 1992, despite the slightly decreased impact of chronic diseases on SRH (Appendix Figure 1 ). In addition, in 2009 a substantial larger part of the people with poor SRH can be attributed to disability as compared to 1992. This seems mostly caused by the stronger impact of severe disability on poor SRH, but also to the increased prevalence of mild disability. 
Appendix
